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Under a Cooperative Research and Development Agree-

o ment with the U.S. Army, Grumman developed the
A 1/8-scale model of a fan-in-wing concept was mode| 755 design. A Memorandum of Understanding

tested in the Langley 14- by 22-Foot Subsonic Tunnel. it | angley was established to test a 1/8-scale model in

The concept is a design (identified as the model 755)ihe | angley 14- by 22-Foot Subsonic Tunnel. These tests
which Grumman Aerospace Corporation (now Northrup of the model 755 were to provide some initial design
Grumman) considered for development for the U.S. jq5essments.

Army. Hover testing was conducted in a model prepara-

tion area near the tunnel. Height above a pressure- Although all fixed-wing aircraft development pro-
instrumented ground plane, angle of pitch, and angle ofgrams require wind tunnel testing, it is especially neces-
roll were varied for a range of fan thrust. In the tunnel, sary for the fan-in-wing configuration. Large amounts of
angles of attack and sideslip, height above the tunnelair, which affect the pressures on both the upper and
floor, and wind speed were varied for a range of fan lower surfaces of the wing, are drawn through the fan-in-
thrust. The air loads and surface pressures on the moda¥ing location. Also, when operated near the ground,
were measured for several configurations in the modeladditional significant pressure changes occur on the fuse-
preparation area and in the tunnel. The major configura-lage and wing. These pressures and resulting air loads are
tion change was that of varying the vane angles that werdot predicted easily by current computational fluid
attached to the exit of the fans to produce propulsivedynamics analyses.

force. As the model height above the ground was i report documents the wind tunnel test pro-

decreased in the hover testing, there was a significant .o anq includes a description of the model, the test
variation of thrust-removed normal force with constant variables, and some significant results. Some of the data

fan rom. The greatest variation was generally for the ;.0 onsidered proprietary by Grumman and are not
ratio of height to fan exit diameter of less than 2.5. A available.

substantial reduction of that variation was obtained by
deflecting fan exit flow outboard with the vanes. In the
tunnel many vane angle configurations were tested for
roll, yaw, and lift control. Other configuration features The axis system for the data is shown in figure 1.
such as flap deflections and tail incidence were evaluatedrhe moment reference center is midway between the
as well. Though the V-tail empennage provided an fans at fuselage station 40.14 in. (321.1 in.) and water-
increase in static longitudinal stability, the total model line station 11.75 in. (94.0 in.) (fig. 2). The numbers in
configuration remained unstable. parentheses are the full-scale dimensions as defined by
Grumman.

Introduction A fan (one) exit area, 0.44686 ft

Summary

Symbols

The fan-in-wing concept is being reconsidered for A-
vertical or short takeoff and landing (VSTOL) aircraft
application. The particular design consists of a fuselage-b
mounted turbojet and a single, large wing-mounted lift
fan in each wing semispan. For low flight speeds, C
diverter valves in the turbojet exhaust stream direct thec
gases through ducting to the tip-driven fans. Deflector
vanes in the efflux from the lift fans provide pitch, roll, ™1
yaw, and height control during vertical flight operation C_
and transition from fan lift to wing lift. For higher flight
speeds the valves are opened to permit straight-through ™
flow to conventional jet nozzles. The concept, which was Cn
initiated in 1961 (refs. 1, 2, and 3), was originally C,
employed for the full-scale XV-5A aircraft. Cpr

Since that early development there have been
advances in materials, structural design, turbojet perfor-p
mance, and flight-control systems which may be particu-
larly advantageous for fan-in-wing aircraft applications. ~'s
Therefore, the Grumman Aerospace Corporation (nowH
Northrup Grumman) designed a configuration suitable
for the future battlefield needs of the U.S. Army (ref. 4).

fan axial force (parallel to wing chord
plane), Ib

wing span, 4.3875 ft

wing mean aerodynamic chord, 2.0075 ft
drag coefficientP4(q9

rolling-moment coefficiently/(qSH

lift coefficient, L4(q9

pitching-moment coefficientn/(qS9
yawing-moment coefficient/(qSH
side-force coefficientyd(q9

coefficient of thrust-removed normal force,
Czr=(-Z~ 2+ Np)/(2+ T)

fan exit diameter, 8.75 in.
drag, Ib

height of model above ground plane (mea-
sured to underside of fuselage at fuselage sta-
tion 40.14 in. (321.1in.))



H/D ratio of model height to fan exit diameter hover testing in the RTC, the model and the forward part
of the sting mount were removed as a unit and installed

't |nC|'dence of tail surfaces, deg in the tunnel (so that the air line bridging the balance
ls rolling moment, ft-Ib within the model would not be disturbed).
L lift, Ib
mg pitching moment, ft-Ib Wind Tunnel
Ng yawing moment, ft-Ib Tests of the model were conducted in the closed-
: ; throat test section (fig. 4) of the Langley 14- by 22-Foot
Ne Lallgnr;c;rrlrg)al force (perpendicular to wing chord Subsonic Tunnel where the model was mounted on a dif-
’ ) 5 ) ferent sting. The sting permitted variation of height,
q tunnel dynamic pressurep ¢ V<)/2, psf (in angle of attack, and angle of sideslip, but not angle of roll
hoverg was defined ag = Ng/A, psf) as in the RTC. The tunnel is an atmospheric pressure,
S wing area, 7.417%(in hoverSwas defined as  closed circuit with a test section measuring 14.5 ft high
S=2A (0.8932 ff)) os by 21.75 ft wide (ref. 5). Wind speed can be varied from
— a2 2,0 0 to 200 knots. A floor boundary layer suction system at
T fa.n thrustT = (N + Ag) the test section entrance was operated throughout the
\Y wind speed, ft/sec wind tunnel tests to reduce the boundary layer. Another
Vi wind speed, knots capability, used briefly, was a laser light sheet for flow
. visualization to illuminate fan exit flow patterns.
Ys side force, Ib
z normal force, Ib Model Description
a angle of attack (in hover, angle of pitch), deg The model was constructed primarily of aluminum
B angle of sideslip, deg and steel with some minor components of fiberglass and
) angle of roll, deg wood. Drawings of the model components are shown in
densitv of air. sluasft figure 5. The major dimensional values used in the deter-
P y » SiUg mination of the aerodynamic parameters are given in the
Abbreviations: symbol list. Table 1 lists the dimensions and other char-
BL lateral butt-line station, in. acteristicsof the model. Additional details of the model
N L can be found in reference 6. There were two leading-
FS longitudinal fuselage station, in. edge configurations: one with zero deflection and the
RTC rotor test cell other with a droop of 25 Also, the trailing-edge flaps
Sta. tunnel station and ailerons could be deflected®3€ailing edge down.

The tail configuration had two surfaces in a V shape,

V/STOL vertical or short takeoff and landing aircraft with each positioned 40above the horizontal. The tail

WL vertical waterline station, in. configuration had elevator components, although these
were not deflected during this test program. However,

Test Facilities and Model the incidence of the tail surfaces was varied. A tip-driven
fan was located in each wing semispan panel, and both

Rotor Test Cell fans rotated in the same direction: clockwise as viewed

_ from above the model. One fan was mounted in the wing
The model preparation area, the rotor test cell o, girain gage elements (i.e., the fan balance) that mea-
(RTC), is adjacent to the Langley 14- by 22-Foot Sub- g,req four force and moment load components: normal
sonic Tunnel and was used to prepare the model for tUnsq e axial force, pitching moment, and rolling moment.

nel testing and to conduct the majority of the hover tests.The fans were driven with air pressure up to 150 psi
The RTC is a large chamber 69 ft high by 42 ft wide by£

i conducted through a pipe which bridged the six-
48 ft long. As such, the chamber provides an area free o omponent force and moment measuring balance that

aerodynamic interference such as boundary-inducedg,nnorted the model). The balance was mounted to a
recirculation. The model was mounted on a sting (fig. 3) sting. Both balances had been calibrated with the air line

that permitted variation of height, angle of pitch, and connected and pressurized to account for the influence of
angle of roll above a pressure-instrumented groundine air line.

board. There were 90 static pressure taps on the surface

of the ground board and 10 small total pressure rakes Fan exit deflection vanes, fuselage strakes, and fan
with 7 ports, each used for the measurement of wakeinlet doors were tested. Vanes with various deflection
velocities near the surface of the ground board. After theangles could be attached to the underside of the fans.
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Figure 5(b) shows a sketch of the vanes with variousapproximately 1800, 1800, or 2200 rpm. The angle-
angle settings. The vane assemblies were flat plateof-pitch range was10° to 10. The angle-of-roll range
welded to a mounting ring. The two longitudinal strakes was O to 1¢°. The forces, moments, and pressures were
were attached to the chines of the flat-bottomed fuselagerecorded at each scheduled height.

and two different lengths of these were tested (fig. 2). ) ] ]
Throughout most of the testing, fan inlet doors, which In the tunnel the model angle of pitch or sideslip was
would cover the fans in high-speed flight, were mounted vVaried at a scheduled height location, wind speed, and
in the open position, i.e., vertical and parallel to the fuse-fan rpm. Fan rpm settings were varied from 0 tOGB

lage centerline on the upper side of the wing. The fan rpm for most testing was approximatelpQ2,
which was below the maximum allowable rpm of 23000.

There were five primary vane assemblies: EVO, Adjustments were made to airflow to each of the tip-
EV7.5, EV15, EV30, and EV4S. The deflected orienta- driven fans to make both fans operate at the same rpm
tion (trailing edge aft) of the vanes provided propulsive with the expectation that both would have the same
force. However, they could also be turned 8®that the  thryst.
vanes provided side force. The EVO, EV7.5, and EV15
assemblies were tested with both orientations during the  The sting support in the tunnel was not the same as
program. In addition, the EV15 assembly was mountedthat used in the RTC. Whereas the sting support in the
on the right fan with a 18®rientation (trailing edge for- RTC could vary the angles of pitch and roll in addition to
ward, i.e.,~15°), which resulted in a force aft rather than height, the tunnel support system could not provide the
forward for some runs. There were also assemblies thaaingle of roll variation or the same height or pitch range
had half the vanes vertical and half with & diBflection, as that in the RTC. The height range was less than that in
and there were assemblies that had half the vaneshe RTC, varying from ahl/D of 5.8 to 1.3 because of a
deflected 15 forward and the other half deflected® Ht sting support travel limitation. The angle-of-attack range
(resulting in a reduction of thrust without a net propul- was 0 to 2C. The sideslip angle range wa4°® to 16.
sive force). Various combinations of these assembliesFor most testing, the wind speed was approximately 170
were tested for their effectiveness in providing roll and fps or had an approximate pressure of 35 psf. There was
yaw control as well as fan thrust modulation. Thrust of some testing at lower dynamic pressures. The tunnel
the fans was varied also, by varying fan rpm (fig. 6). boundary layer removal system was used throughout the
testing in the tunnel with resulting boundary layer thick-

. In addition to balance measurements of the all” ness of approximately 2 in. at the model location without
induced loads, there were up to 160 pressure-measuring, moving ground plane

ports on the model. Some of these ports were total
pressure-measuring rakes in the inlet of one fan. Small-
diameter tubing connected these ports to transducers irPata Accuracy
the model nose. Fan rpm and thermocouple measure-

. . The main balance data were corrected for weight
ments of fan-bearing temperatures were obtained as well

tares, tunnel wall effects, differential balance cavity pres-

Throughout most of the testing, grit (no. 80) was sures, and pressure tares. Blockage corrections were not
glued to the wing and tail surfaces in strips approxi- applied to correct the data since the model was small
mately 0.10 in. wide and approximately 1 in. behind and compared to the size of the tunnel test section. The ratio
parallel to the leading edge of each wing and tail surface.of model wing span to tunnel width was 0.204. Correc-
The purpose was to fix the boundary layer transition tions for tunnel boundary interference for the effect of
point, a standard practice at the Langley 14- by 22-Footthe jet wake were small. The fan balance data were cor-
Subsonic Tunnel. rected for weight tares and pressure tares.

The balance supporting the model was calibrated
with the air line in place and was pressurized and treated

The first phase of the testing was conducted in theas a normal balance. Typically, the accuracy of such bal-
rotor test cell (RTC) adjacent to the Langley 14- by 22- ances is considered to 8.5 percent of the maximum
Foot Subsonic Tunnel. The model is shown (fig. 2) load capability of the balance. Force and moment capa-
mounted on a sting that offered vertical height variation bility and the associated accuracy is listed in table 2.
(i.e., above the ground board) and variation of angles ofRepeatability of balance measurements is believed to be
pitch and roll. Typically, the model was set at angles of between 0.1 and 0.2 percent of balance capabilities. The
pitch or roll, and the height above the ground board wasfan balance had been calibrated at Grumman, but check
varied from the maximum possiblel/D = 7.4) until the loads were applied at the beginning of both test phases.
landing gear almost made contact with the ground board.These check loads established that the accuracy was
For the hover tests the fans were generally operated aapproximately+0.5 percent.

Test Procedures



Presentation of Data

Representative data are plotted in this report to illustrate notable characteristics of the fan-in-wing model. Data

obtained from the fan balance and the pressure data are not included. Table 3 provides the configuration homencl

ature

that is used in the figures and in tables 4 and 5. Tables 4 and 5 list the test runs for both the hover and forward flight

phases of testing, respectively.
The graphs presented herein are as follows:

Hover:

Variation of fan thrust with fan rpm as affected by vanes EVO, EV15, EV30,and EV45 . ... .................. 6
Variation ofC,,, Cz1, andCp with fan rpm as affected by vanes EVO, EV15, EV30,and EV45 . ............... 7

Variation ofC,,, Cz1, andCp with H/D as affected by
Angles of pitch for EVO VaNes . . ... ... e
Angles of pitch for EV LS Vanes . . .. . ... e e
Angles of pitch for EV30 Vanes . . .. ... .. e e e
Vanes EVO, EV15, EV30, and EVAS . . . ...
Angles of roll for EVO(90) VANES . . . ..ttt e e e e e e

Vanes EVO, EV15, and EVI5(90) . ... ...t 13

Angles of pitch for EV15(90) Vanes . . . . . . ..ottt e e
Angles of pitch for EV7.5(90) VaNes . . . ... ..o i e
Strakes FSL and FS2 . . . . .o
Undeflected and deflected flaps and leading edge . . . ... ... . i e

Forward flight ¢ = 35):

Variation of C,, andC_ with angle of attack an@_ with Cp as affected by
Vanes EVO, EV15, and EV30 for three levels of fan rpm . . . . ... ... .
Fan rpm for EVO, EV15, and EV30vanéD = 5.4) .. ... ... i 19
H/D for EVO, EV15, and EV30 vanes (22000 FPM) . . ...ttt e e e e e e et e

Variation ofC,, C,,, andCy with angle of attack as affected ByD for EVO, EV15, and EV30 vanes. .......... 21

Fan rpm for EVO, EV15, and EV30 vanélD = 5.4) .. ... ... e 22
Variation ofC,, andC_ with angle of attack an@_ with Cp as affected by

Fan rpm for EV(15/15) vanes at four valuesHdd . . .. ... ... .. 23
Variation ofC;, C,,, andCy with angle of attack as affected by

Fan rpm for EV(15/15) vanes for four valuesHiD. . . . . ... ... . 24
Variation ofC,,, C., C;, C,,, andCy with angle of attack an@, with Cp as affected by

Vanes EVO and EVIL(0), RAS)] . . . .« oo oo e 2

Vanes EVO and EVIL(15), RES) - - .« vt vttt e e e e 26

Vanes EVO, EV(15/0), and EV[L(15/0), RI5/0). . . . . ..o e e e 27
Vanes EVO, EV(15/15), and EV[L(I5/15), RO)]. - .« « «« et e e e e e e e

Variation ofC,, andC, with angle of attack an@, with Cp as affected by

Tail incidence for six values ¢/D (fans covered) . . . ... ... i e 29
Tail incidence aH/D =5.4 for fan rpm of 22000 . . . ... ... . 30

Variation ofC;, C,,, andCy with angle of sideslip as affected by

Tail off and on for W5 BB DL(C)0(=0°) . ..ottt e e e e e e 31

Tail off and on for W5 B6 D1 EVO(=0° and 22000 rPM). . . . .ottt et e e e e e e e e e e e 32

Tail off and on for B* G DL(C) = 0°) . . . . .t ottt 33
Tail off and on for B* G DL(C)q = 15°) . . . . . vttt e 34

Vanes EVO, EV(15/15), EV[L(15/15), R(0)], and EV[L(15/0),RB6/0)] ... ... ..o, 35
S AKE F S . . o e

Comparison of boundary layer tripping methods on variatid®,pAndC, with angle of attack an@,
WIth Cp TOr WS BB DL(C) . . . . .t o oottt e e e e e e e e e e e e e e



Discussion of Results though not as much as for the EV15(90) vanes. There is,
of course, a loss of propulsive thrusting capability with
Static Tests the outboard orientation, but if the fans themselves were
The static model testing in the RTC was conducted c@nted, the same effect could be achieved and the vanes

with the fans operating predominantly a0P® rpm and ~ ONce again could be used for the primary function of
sometimes operating at @80 and 1800 rpm. Figure 6 providing longitudinal propulsive force, roll, and yaw
shows the variation of thrust with fan rpm for the five control.

primary vane configurations: no vanes, EVO, EV1S, g fqr hasic vane configurations were tested with

EV30, and EVA45 aH/D =7.0 and an angle of pitch of b |ong strakes mounted on the fuselage chines (the bot-
0°. Also, figure 7 shows the effects of those vane config- o comers of the fuselage cross section). Figure 16

urations on the variation of coefficier, Czr, andCp  ompares the effect of variation BD on coefficients
with fan rpm. It is notable that the EV45 vanes result in ac,. C,, andCp for long (FS2) and short (FS1) strakes
lift loss (Czr=-0.10) throughout the range of fan rpm. - 4hough for a configuration without exit vanes). It is evi-
The model configuration with the EV45 vanes (W5 B6 gent tht the long strakes do incre@sg for H/D < 2.5

D1 T FS2 EV45) differed from the configurations with \yhereas the short strakes are relatively ineffective.

the other vanes in that the leading edge and flaps Wer§yeflecting the flaps or wing leading edge did not affect

not deflected. the variation o, C,1, andCp with H/D (fig. 17) in the
The primary data (as obtained in the RTC) for the hover testing.

fan-in-wing configurations with a fan rpm of Q0

arepresented in figures 8, 9, and 10 (for the EVO, EV15, Wind Tunnel

and EV30vanes, respectively) as a function of the o

height {H/D) of the model. The change in the thrust- Though there was some hover testing in the tunnel,

removed normal force coefficien€4y) is as much as  the major part of the testing was conducted wgith35

approximately-0.15 for H/D < 2. As the vane angles PSf (V=172 fps otV = 103 knots). This wind speed is

increase t@0°, the effects of angle of pitch increase for representative of the flight speed(= 103 knots) at

H/D < 4.0 as well. Pitching-moment coefficient and drag Which transition from fan-lift-supported flight to wing-

coefficient (approximately equal to propulsive-force !lft-sup.ported fll_ght occurs. There was also limited test-

coefficient) vary in a consistent manner. The only data ing at intermediate values of dynamic pressgre:17.0

obtained at 2000 rpm for the EV45 vanes are compared PSf (V=120 fps),q=5.0 psf ¥=65 fps), andg=3.0

ata = 0° with those of the other three vanes in figure 11. PSf (V=51 fps).

For the EV45 vanesC 7 varies little with H/D and Figure 18 shows the effect of the EVO, EV15, and
reflects the greatest loss of thrust throughout Hile EV30 vane configurations o8, C;, andCp, as fan rpm
range. is varied. In figure 18 the fan speeds ar@@2, 200,

There is also a loss i@,7 effected by roll angle and 1800 rpm, which are approximately equivalent to
asshown in figure 12 for the EVO(90) vane configu- 100, 90, and 75 percent ofaximumthrust (fig. 6). The
ration. The data indicate that the variation of lift loss for lift is attenuated and propulsive force is increased; that is,
H/D < 2.5 may present major flight-control problems. At Cp becomes less positive as expected with the increase
full scale, a roll angle of*9would result when a wing tip  in vane angle. At the lowest rpm level of800, pitching
drops (and the other rises) 2.75 ft, which to a pilot may momentC,,, is more affected (fig. 18(c)) than at the other
not appear to be a significant change in roll attitude. Oftwo rpm levels. That effect may be attributable to
course, when there is a roll angle, especially near thereduced entrainment of flow over the forward portion of
ground, the effect of height differs for each fan becausethe wing and results in decreased pitching moment and
one is higher above the ground than the other. greater sensitivity to vane angle changes.

_In an attempt possibly to reduce the variatiolpf Figure 19 presents the effect of fan rpm on the per-
with H/D, the EV15 vane was rotated*q@ane configu-  tormance parameters for a much wider range of fan rpm
ration EV15(90)). As shown in figures 13 and 14, by ¢4 the three vane configurations. The variation of all
rotating the EV15 vanes 90 that vane-induced pro-  ree coefficients with rpm is, of course, far greater than
pulsive thrusting is directed outboard rather than for- is chown in figure 18, especially at rpm values less than

ward, there is significant reduction of the variation of approximately 1900. These data are all shown for a
Czt with H/D. Since the EV15(90) vane reduces the lift .,nstantH/D = 5.4.

loss at lowH/D, a set of vanes with 7.5deflection
was made and tested with the outboard orientation The effect ofH/D variation for each vane config-
(EV7.5(90)). Figure 15 shows that there is improvement, uration is shown in figure 20. A/D = 1.3, the effect on



Cy, is pronounced; the EVO vane also shows that theconfigurations: EML(0), RF-15)], EV[L(15), R¢E15)],
pitching-moment coefficient is apparently affected by EV[L(15/0), RE15/0)], and EVL(15/15), R(0)] in fig-
ground proximity atH/D of 2.1. It appears that as the ures25-28. Of the four configurations, the BVY]5),
vane angle increase§,, is less affected by height. The R(-15)] reasonably offers the greatest yawing-moment
EV15 and EV30 vanes show a reasonable attenuation o€ontribution, though with some rolling moment
C_ andCp with increased vane angle. (fig. 26(b)). Rolling-moment control can be obtained by
reducing the net thrust of one fan, and the resultant roll-

There should be little variation in lateral characteris- . : : : :
) "~ ing moment that is obtained is shown for vane configu-
tics for the EVO, EV15, and EV30 vanes, but as shown N 4tion EVIL(15/15), R(0)] in figure 28(b). All six coeffi-

figure 21 (varyingH/D) and in figure 22 (varying 1pm),  cients are provided in figures 25-28 for judgment of

that is not the case. The positi_ve rolling moment SqueStstrosseoupIing effects, which must be considered when
that the thrusts of both fans differed even though the fan. ..o capabilities and penalties of the various vane con-

speeds were nearly the same. The left fan may have had . ; .
higher thrust than the right fan, which would have urations are being defined.
resulted in the positive rolling moment. Adjustments had The effectiveness of the empennage (V-tail) in pitch
been made with the valves that controlled the airflow to is shown in figures 29 and 30. A§¥D decreases to the
the tip-driven fans to obtain similar fan speeds. However, lowest level, there is slight increase in stability for fans
a second fan balance (one for each fan) would have beenot operating (fig. 29). The V-tail provides an improve-
better for equalizing thrust than the present method ofment in pitch stability but not enough for the desired
using fan speed to equalize thrust. The negative yawingevel of stability (negativeij/dcx). There is little or
moment in figures 21 and 22 is more difficult to explain. no significant difference between fans not operating
It may be that the sets of left and right vanes were not(fig. 29) and those operating at 22000 rpm (fig. 30).
identical. That the fans rotated in the same direction ) ) ) ) o o
(clockwise when viewed from the upper side of the Tail effectiveness in sideslip is shown in fig-
model) may have contributed a friction torque. The non- ures31-34. The V-tail contributes some stability in yaw
symmetric fan rotation could have resulted in nonsym- &long with some rolling-moment variation. As sideslip
metric flow patterns that contributed to the variations in increases, the increment @, and the decrement i@y

the lateral characteristic§;, C,, andCy, with angle of with the addition of the tail are approximately the same
attack. for the fans covered (fig. 31) or operated aO@2 rpm

(fig. 32). The decrement i@}, however, is moderately

Varying the thrust of the fans by varying rpm in the greater with fan rpm. The possible reasons for the non-
the full-scale aircraft may not yield adequate rapid con- zero values fo€;, C,,, andCy atP = 0° in figure 32 were
trol of attitude. By throttling fan exit flow and simulta- reviewed in the discussion regarding figures 21 and 22.
neously staggering the vane deflection (deflecting half Changing the angle of attack froni (fig. 33) to 13
the vanes forward and half the vanes aft), fan-generatedfig. 34) does not chang@, or Cy versusp, but it does
lift is attenuated and a faster control response can bexffectC; versusB for tail off and on.
obtained. Figure 23 shows the results for a deflection

of 15° (EV(15/15)). A comparison of figure 23(a) with Th.e effgctiyene_ss of two nonsymmetrical vane con-
figures 18 and 19 shows that lift is reduced. As with the figurations in sideslip for roll and yaw control are shown
EVO, EV15, and EV30 vanes, the variationGf with a in figure 35. Generally, linear variations of rolling

is affected by low height above groundl/D =1.3 moment, yawing moment, and side force (with sideslip
(fig. 23(d)). angle) indicate that sideslip does not diminish roll control

_ offered by EVL(15/15), R(0)] or yaw control offered by
The EV(15/15) vanes have the same problem of vari- gy[[ (15/0), RE15/0)].

ation of lateral characteristics with height and fan rpm
(fig. 24) as that shown in figures 21 and 22 for EVO, The long strakes (FS2) show only a minor effect on
EV15, and EV30 vanes. At the lowest heidtD = 1.3, side force (fig. 36). Their primary attribute is the thrust
there is much greatet; variation as angle of attack recovery in hover near the ground as shown earlier in
increases. The possible causes cited for the sensitivity ofigure 16.

lateral characteristics to height, fan rpm, and fan rotation

of the other vanes may apply to the EV(15/15) vanes as At the conclusion (_)f.testing, a comparison was made
well. of the two means for fixing boundary layer transition on

the wing panels. The technique used in the Langley 14-

Yawing and roll control can be obtained by deflect- by 22-Foot Subsonic Tunnel is to glue no. 80 grit by
ing vanes in several configurations. The longitudi- sprinkling the grit on an adhesive in a band 0.1 in. wide
nal andlateral characteristics are shown for four vane along the span of the wing, approximately 1 in. behind



the leading edge. The technique used at the Grummarmad been mounted on balances to match fan thrusts rather
Low-Speed Tunnel is to use serrated plastic tape approxthan rotor speeds. The-fdil configuration does offer
imately 0.25 in. wide along the span and about 1 in.yaw stability, but with some induced rolling moment.
behind the leading edge. Figure 37 shows the differences
in lift, drag, and pitching-moment characteristics. There
was no testing of the configuration without either treat- NASA Langley Research Center
ment at that time. Hampton, VA 23681-0001

November 28, 1995
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Table 1. Model Dimensions and Characteristics

[Full-scale dimensions are in parentheses]

Wing:
ATEA, T8 . 7.417 (474.7)
SPaAN, Tt . e 4.3875 (35.06)
Mean aerodynamic chord, ft . .. ... .. . 2.0 (16.05)
Tip Chord, ft. . .o 0.424 (3.395)
Root chord (center of fuselage), ft. . .. .. .. 2.958 (23.66)
Flap Chord, ft . ..o e 0.317 (2.53)
Leading-edge chord, ft. . .. .. e 0.25 (2.00)
Leading-edge sweep angle, 0eg. . . . .. oo 30
Trailing-edge sweep angle, deg . .. ...t e -30
Dihedral angle, deg . . . ... e 5.0
Airfoil thiCKNESS, PeICENL. . . . . . 15
V-tail:
Area (total), 8. . . oo 1.71  (109.6)
Semispan (One panel), ft . ... 1.087 (8.69)
TP ChOrd, ft. . o 0.308 (2.43)
Root chord (butt line Sta. 5.15 (3.43)), ft .. ... o 1.269 (10.14)
Leading-edge SWeeD, 0B0. . . . . .ottt e 23.52
Trailing-edge sSWeep, deQ. . . ...ttt -23.52
Center of tail area (fuselage Sta.), ft . ... . . e 5.608 (44.87)
General:
Total planform area, . . . . .. ..o 11.08 (709.0)
Profile area, R. . . . . ..o 272 (174.2)
Frontal @red, B . . . ..o 1.29 (82.4)
Arcraft volume, 8 . . .. 1.52 (776.8)
Total length, ft. . .o 5.48 (43.84)
Balance center:
S, N 41.70 (333.64)
L o P 10.18 (81.45)
B, N o o e 0.0 (0.0)
Reference center:
S, N e 40.14 (321.1)
L, N, o 11.75 (94.0)
B, M. .t 0.0 (0.0
Lift fan centers:
B S, N 41.70 (333.64)
L, N, 10.70  (85.6)
B, M. oo +8.95 (71.6)
Fuselage nose:
F S, N, 10.26  (82.1)
L, N, 10.18 (81.46)
B, M. .o 0.0 (0.0
Strakes:
Height, mounted at butt lines, in. (1.5) (12.0). ...t e +(3.2) (*25.6)



Table 2. Primary Balance Load Capability and Accuracy

[Langley balance 843]

Approximate coefficients gt
Component Maximum load Accuracy g=35.0 psf
Normal force,lb .................|. 800 +4.0 C_ =0.0154
Axial force, Ib. . ................. 250 +1.25 Cp =0.0048
Pitching moment, in-lb. . .......... 2500 +12.5 Cy,=0.0020
Rolling moment, in-lb. . ........... 1000 +5.0 C,=0.0004
Yawing moment, in-lb. . . .......... 1000 +5.0 C,,=0.0004
Sideforce,Ib. . ............ ... ... . 500 2.5 Cy=0.0096
Table 3. Model Nomenclature
B6 Design 755 body with no canopy (i.e., faired over)
B* B* = W5 B6 FAI(30) LED(25)
D1 Upper wing surface fan doors (open, i.e., vertical)
D1(c) Upper wing surface fan doors closed with inlet fairing
EVO Fan exit vanes, left and right undeflected
EVX Left and right ane assemblies similar ananes deflected %aft (negative if deflected forwar
i.e., assembly rotated 180
EVX(90) Left and right vane assemblies similar and vanes defleCtedtioard (X =0, or 7.5, or 15)
EV(15/0) Both left and right vane assemblies similar with half the vanes undeflected and other ha
deflected 1%5aft. If negative, assembly is rotated 180
EV(15/15) Both left and right vane assemblies similar with half the vanes defletiahvi&rd and half

EV(L(), R())
FAI(30)

FS1

FS2

G

LED(25)

T

W5

deflected 1%5aft (for zero net propulsive force)

Left and right assemblies differ but combinations are as listed above

Flaps and ailerons deflected 3tailing edge down

Short strakes from 30.11 in. (240.9 in.) to 54.15 in. (433.2 in.)

Long strakes from 21.05 in. (168.4 in.) to 63.25 in. (506.0 in.)

Landing gear on (nose and main gear extended; doors open)

Wing leading edge dropped°25

Baseline V-tail.T(X) both surfaces deflected® X.e., incidence, positive trailing edge down
Large design 755 wing

1S
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Table 4. Static Test Runs for Fan-in-Wing Model

[Hover test in rotor test cell]

a, deg o, rpm,
Run Configuration (approximate) deg | (approximate) H/D Comments
139| B*G D1 0 0 Vary 7.0
140 18000 7.0| Several repeat points
141 18000 Vary
142 22000 Left landing gear failed
143 22000 Repeat of 142
144 Vary 22000
145/ B*GD1T 0 18000 V-tail on
146/ B*GD1T 22000
147/ B*GD1TFS1 18000 FS1 strake on
148 22000
149 2
150 5
151 10
152 -2
153 -5
154 -10
156| B*GD1TFS1 0 0 22000 Vary Repeat of 148
157\ B*G D1 TFS1 18000 Repeat of 147
158 B*G D1 T FS2 i 18000 FS2 strake on
159 22000
160 -2
161 -5
162 -10
163 2
164 5
165 10
166| B* G D1 T FS2 EV15(90) 0 18000 EV15(90) vanes
167 0 22000
168 2
169 5
170 10
171 -2
172 -5
173 -10
175/ B*G D1 T FS2 EVO 0 0 Vary 7.0 EVO0vaneson
176 0 22000 Vary
177 2
178 5
179 10
180 -2
181 -5
182 -10

10




Table 4. Continued

a, deg 0} rpm,
Run Configuration (approximate) deg | (approximate) H/D Comments
183| B*G D1 T FS2 EV15 0 0 Vary 7.0 EV15vaneson
184 0 22000 Vary
185 2
186 5
187 10
188 -2
189 -5
190 -10
191 0 Repeat of 184
192 B*G D1 TFS2 EV30 Vary 7.0 EV30vaneson
193 22000 Vary
194 Repeat of 193
195 2
196 0 Repeat of 193
197 Repeat of 193
198 Repeat of 193
199 Repeat of 193
200 5
201 10
202 -2
203 -5
204 -10
205 0 Repeat of 193
206 0 Repeat of 193
209| B*G D1 T FS2 EV45 0 0 22000 Vary EV45 vanes on
210 B*G D1 T FS2 EV45 2 22000 Vary
211 B*G D1 TFS2 0 Vary 7.0 No vanes
212 B*G D1 TFS2 22000 Vary
213| B*G D1 T FS2 EV15/15 Vary 7.0 EV15/15 vanes on
214\ B*G D1 T FS2 EV15/15 22000 Vary
215/ B*G D1 T FS2 EV15/0 Vary 7.0 EV15/0 vanes on
216 22000 Vary
217 2
218 5
219 10
220 -2
221 -5
222 B*G D1 T FS2 EVO 0 Repeat of 176
223/ B*G D1 TFS2 EV15 Repeat of 184
224 B*G D1 TFS2 EV30 Repeat of 205
225| B*G D1 T FS2 EV0(90) Vary 7.0 EVO0(90) vanes on
226 22000 Vary
227 l 18000 Vary
228 15000 Vary

11



Table 4. Concluded

a, deg 0y rpm,
Run Configuration (approximate) deg | (approximate) H/D Comments
229 B* G D1 T FS2 EV0(90) 0 3 22000 Vary
230| B* G D1 T FS2 EV0(90) 0 6 22000 Vary
231| B*G D1 T FS2 EV0(90) 0 9
232\ W5B6 G D1 T FS2 EV0O(90Q) 0 0 Flaps and leading edge undefi
233| W5 B6 G D1 T FS2 EV0(9Q) 5 0
234 W5 B6 G D1 T FS2 EV0(9Q) 0 6
235| W5 B6 D1 T FS2 EV0(90) 0 0 Landing gear off
236 W5 B6 D1 T FS2 EV45 0 18000 EV45 vanes on
237 2
238 5
239 -10
240 -5
241 10
242\ W5B6 D1 T FS2 EV30 0 EV30 vanes on
243 5
244 10
245 -5
247\ W5B6 D1 T FS2 EV30 -10 0 18000 Vary
248/ W5B6 D1 T FS2 EV30 0 18000 Vary
249\ W5 B6 D1 T FS2 EV30 Vary 7.0 Repeat 192
250 W5 B6 D1 T FS2 EV45 Vary 7.0
252/ W5 B6 D1 TFS2 Vary 7.0 Novanes
263| W5B6 D1 T FS2 0 0 18000 7.0
264 W5B6 D1 T FS2 22000
265| W5B6 D1 T FS2 EVO 18000 EVO vanes on
266 W5 B6 D1 T FS2 EVO 22000
267\ W5B6 D1 T FS2 EV7.5(90 18000 EV7.5(90) vanes on
268 22000
269 -5 18000
270 -10
271 5
272 10
273 0

ected
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Table 5. Test Runs for Fan-in-Wing Model in 14- by 22-Foot Subsonic Tunnel

a, deg rpm,
Run Configuration (approx.) | B o} (approx.) | H/D Comments
300| B* G D1 FS2 EVO 0 0 0 Vary 5.8 Repeat of 175
301 Vary 5.8 | Repeat of 300
302 22000 | Vary
303 22000 Repeat of 302
304 20000 Flow visualization
305| B* G D1 FS2 EV15(90) 20000 Flow visualization
306| B* G D1 FS2 EVO 35.( 22000 Repeat of 303
307| B* G D1 EVO Vary 0 5.8| Strakes off
308| B* G D1 EVO Vary 0 5.0
309| B* G D1 EVO Vary 0 4.0
311| B*G D1 EVO Vary 0 | 35.C 0 5.8 Boundary layer system o
312 5.0 | Boundary layer system off
313 4.0 | Boundary layer system off
314 4.0 | Boundary layer system on
315 5.8 | Boundary layer system on
316 Transition grit applied
317 22000
318 5
319 10
320 15
321 0 Vary 54
322 15 Vary 54
323 0 0 Vary 5.8
324 Vary 22000 4.0
325 3.0
326 25
327 2.0
328 1.3
329/ B*G D1 TEVO 5.4| V-tail on
330 5
331 10
332 15
333 0 Vary
334 15 0
335 Vary 0 4.0
336|B*G D1(c) T 0 0 5.4| Fans covered
337 5
338 10
339 15
340 0 Vary
341 15 Vary
342 Vary 0 4.0
343 Vary 0 3.0
344 Vary 0 25

=
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Table 5. Continued

a, deg rpm,
Run Configuration (approx.) | B o} (approx.) | H/D Comments
345/ B*G D1(c) T Vary 0 | 35.0 0 2.0
346 B*G D1(c) T Vary 0 1.3
347| B* G D1(c) 0 5.4| Tail off
348 5
349 10
350 15
351 0 Vary
352 15 Vary
353 Vary 0 4.0
354 3.0
355 25
356 2.0
357 1.3
358| B* G D1(c) T€10) 5.4 | V-tail on at-10°
359 4.0
360 3.0
361 25
362 2.0
363 1.3
364| B* G D1(c) T(5) 5.4| V-tail on at%
365 4.0
366 3.0
367 25
368 2.0
369 1.3
370| B* G D1(c) T FS2 5.4/ FS2 strakes on
371 5
372 10
373 15
374 0 Vary
375 15 Vary
406| B* D1(c) Vary 0 | 35.0 0 5.4/ V-tail, gear, and strakes g
407|B*D1(c) T 0 0 V-tail on
408 B*G D1 T EVO 0 22164 Gear and EVO vanes on
409 5 22164
410 10 22164
411 0 15 22000
412 0 Vary
413 15 Vary
414 Vary 0 4.0
415 3.0
416 25
417 2.1
418 1.3

14



Table 5. Continued

Run

Configuration

a, deg
(approx.)

rpm,
(approx.)

H/D

Comments

419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463

B*G D1TEVO

B* G D1 T€10) EVO

B* G D1 T(5) EVO

B*G D1 TFS2 EVO

B* G D1 EVO

B* G D1 EV(15/15)

B* G T D1 EV(15/15)
B* G T D1 EV(15/15)
B* G T D1 EV(15/15)

Vary

Vary

15

Vary

15
Vary

15
Vary
Vary

10
15
Vary
Vary

O o

10
15
Vary
Vary

10
Vary
Vary

10

Vary

35.G

17.5
8.5
3.05
35.0

35.0

35.0

20246
17780
14115
11061
8174
6086
22000
22000
22000

1515
22000

Vary
22000

22146
22000
22000

5.4

4.0
2.5
20
1.3
5.4
4.0
25
2.0
13
5.4

4.0
2.5
2.0
13
5.4

V-tail on at10°

V-tail on at°s

FS2 strakes on

Static thrust varied

EV(15/15) vanes on

V-tail on

15



Table 5. Continued

O

a, deg rpm,
Run Configuration (approx.) | B q (approx.) | H/D Comments
464| B* G T D1 EV(15/15) 15 Vary 35.0 22000 54
465 Vary 0 20307
466 17830
467 14100
468 8100
469 175 22000
470 3.0
471 0 0
472| B* G D1 T¢10) EV(15/15) Vary 35.0 V-tail on at10°
473| B* G D1 T(5) EV(15/15) V-tail on at°5
474| B* G D1 T EV[L(15/15), R(0)] EV[L(15/15), R(0)] vanes
475 10
476 0 Vary
477 15 Vary
478 Vary 0 20300
479 17800
480 20300 Repeat of 478
481 17800 Repeat of 479
482 14100
483 8100
484 175 22000
485 3.0
486 0 0
487| B* G D1 T EV(15/0) Vary 35.( EV(15/0) vanes on
488 Vary 10
489 0 Vary
490 Vary 0 20300
491 17800
492 14100
493 8100
494 175 22000
495 3.0
496 0 0
497| B* G D1 T¢10) EV(15/0) Vary 35.0 V-tail on at10°
498| B* G D1 T(5) EV(15/0) Vary V-tail on at°5
499| B* G D1 EV(15/0) Vary V-tail off
500| B* G D1 EV(15/0) 0 Vary
501| B* G D1 T EV[L(15/0), R£15/0)] Vary 0 EV[L(15/0), R£15/0)] vanes
502 0 Vary
503 Vary 0 20300
504 Vary 17800
505 Vary 14100
506 0 0 22000
507 B*G D1 TEV15 Vary 35.0 21066 EV15 vanes
508| B*G D1 T EV15 0 Vary 35.( 21066

16
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Table 5. Continued

a, deg rpm,
Run Configuration (approx.) | B o} (approx.) | H/D Comments
509 B*G D1 TEV15 Vary 0| 35.( 20453 5.4
510 17630
511 14228
512 8192
513 17.5 22000
514 3.0
515 0 0
516| B* G D1 T EV[L(15), R£15)] Vary 35.0 EV[L(15), R{15)] vanes
517 0 Vary
518 Vary 0 20300
519 17800
520 14100
521 8100
522 17.5 22000
523 3.0 22000
524 0 0 22000
525/ B*G D1 T EV30 Vary 35.0 21320 EV30 vanes
526 Vary 10
527 0 Vary
528 15 Vary
529 Vary 0 20252
530 17768
531 14309
532 8145
533 17.5 22000
534 3.0
535 0 0
536| B* G D1 T EV[L(0), R15)] Vary 35.0
537 0 Vary
538 Vary 0 20300
539 17800
540 14100
541 8100
542 17.5 22000
543 3.0 22000
544 0 0 22000
551| W5 B6 D1(c) Vary 0| 350 0 5.4 Fans covered, tail off
552| W5 B6 D1(c) Vary 10
553| W5 B6 D1(c) 0 Vary
554\ W5 B6 D1(c) T Vary 0 V-tail on
555| W5 B6 D1(c) T 0 Vary
556 W5 B6 D1(c) T€10) Vary 0 V-tail on at-10°
557| W5 B6 D1(c) T(5) Vary 0 V-tail on at’5
558| W5 B6 D1 T(5) EVO Vary 0 22000 EVO vanes on

17



Table 5. Continued

a, deg rpm,
Run Configuration (approx.) | B o} (approx.) | H/D Comments
559 W5 B6 D1 T£10) EVO Vary 0 | 35.0 22000 5.4  V-tail on al0®
560 W5 B6 D1 T EVO Vary 0 V-tail on at’0
561| W5B6 D1 T EVO 0 Vary
562| W5 B6 D1 EVO Vary 0 V-tail off
563| W5 B6 D1 EVO 0 Vary
593| B* G D1 EVO Vary 0 | 350 22000 5.4 Repeat of 447
594 Vary 3.0
595 0 Vary
596 6
597 12
598 0 10.0
599 6 10.0
600 12 10.0
601 0 5.0
602 6 5.0
603 12 5.0
604 B*G D1 TEVO Vary 35.0 5.4 V-tail on
605| B* G D1 T(5) EVO 3.0| V-tail on at5
606| B* G D1 T¢10) EVO 3.0 | V-tail on at10°
607 B*G D1 TEVO 3.0| V-tail on at®©
608| B*G D1 T EV15 5 5.4| EV15vaneson
609 10 5.4
610 15 Vary 54
611 0 0 | 10.0 Vary
612 12 0 | 10.0 Vary
613 Vary 15| 35.0 5.4
614 B*G D1 TEVO Vary 10 4.0
615 0 Vary 4.0
616 0 Vary 25
617 0 Vary 1.3
618 Vary 10 25
619 10 1.3
620 0 20300 4.0
621 20300 2.5
622 20300 1.3
623 17800 25
624 17800 1.3
625 22000 1.3| Repeat of 418
626| B*G D1 T EVO FS2 4.0 FS2 strakes on
627 B*G D1 T EVO FS2 2.5
628 B*G D1 T EVO FS2 1.3
629| B* G D1 EVO 10 4.0| V-tail and strakes off
630| B* G D1 EVO 0 Vary 4.0
631| B* G D1 EVO Vary 10 25
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Table 5. Continued

a, deg rpm,
Run Configuration (approx.) | B o} (approx.) | H/D Comments
632| B* G D1 EVO 0 Vary] 35.0 22000 2.5
633 Vary 10 | 35.0 22000 1.3
634 l 0 Vary| 35.0 22000 1.3
635 0 0 0 Vary 5.4
640| B* G D1 T EV(15/15) Vary 0| 35.0 21932 40 EV(15/15) vanes on
641 21902 25
642 21931 1.3
643 20226 4.0
644 20274 25
645 20275 1.3
646 17815 2.5
647 17806 13
648| B* G D1 T EV[L(15/15), R(0)] 22000 4.(
649 4.0 | Repeat of 648
650 25
651 13
652 20300 4.0
653 20300 2.5
654 20300 1.3
655 17800 25
656 17800 13
657| B* G D1 T EV(15/0) 22000 4.0 EV(15/0) vanes on
658 22000 2.5
659 22000 13
660 20300 4.0
661 20300 2.5
662 20300 1.3
663 17800 4.0
664 17800 25
665 17800 1.3
666| B* G D1 T EV[L(15/0), R{15/0)] 22000 4.0
667 25
668 1.3
669 2.0
670 1.3 | Repeat of 668
671 20300 4.0
672 20300 25
673 20300 1.3
674 17800 4.0
675 17800 25
676 17800 13
677 B*G D1 TEV15 22000 4.0 EV15vaneson
678 B*G D1 T EV15 22000 2.5
679 B*G D1 TEV15 22000 1.3




Table 5. Concluded

a, deg rpm,
Run Configuration (approx.) | B o} (approx.) | H/D Comments
680 B*G D1 T EV15 Vary 0| 35.( 20300 4.0
681 20300 25
682 20300 1.3
683 17800 4.0
684 17800 25
685 17800 1.3
686| B* G D1 T EV[L(15), R{15)] 22000 4.0| EVIL(15), Rf15)] vanes on
687 22000 25
688 22000 1.3
689 20300 4.0
690 20300 25
691 20300 1.3
692 17800 4.0
693 17800 25
694 17800 1.3
695| B* G D1 T EV[L(0), R¢15)] 22000 4.0| EVIL(0), R{15)] vanes on
696 22000 25
697 22000 1.3
698 20300 4.0
699 20300 25
700 20300 1.3
701 17800 4.0
702 17800 25
703 17800 1.3
704 B*G D1 T EV30 22000 4.0
705 22000 25
706 22000 1.3
707 20300 4.0
708 20300 25
709 20300 1.3
710 17800 4.0
711 17800 25
712 17800 1.3
767| W5 B6 D1(c) Vary 350 O 0 5.4 Serrated tape in place of
transition grit

20



Wind direction
(or pitch attitude
in hover)

Wind direction

!

Figure 1. Axis system used in presentation of data. Arrows indicate positive direction of forces and moments.
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Figure 2. Planform, profile, and cross-section drawings of fan-in-wing model.




L-93-10308
Figure 3. Fan-in-wing model installation in rotor test cell at Langley 14- by 22-Foot Subsonic Tunnel.
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L-93-12279
Figure 4. Fan-in-wing model installation in test section of Langley 14- by 22-Foot Subsonic Tunnel.
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Run Vanes

o) 211. Off

O 175. EVO
& 183. EVI15
A 192. EV30
N 250. EV45

300

250
o Vzs

\\

Thrust 1501 /E////E
C /A B/B/B
L N
100 r V /"‘ N =
C éé N
50 r A ,A/ﬁ/

E BA/B

0 L L L L L L L L L L L L L

8000 12000 16000 20000 24000

nm

Figure 6. Effect of vane configuration (EVO, EV15, and EV30 with B* G D1 T FS2 and EV45 with W5 B6 D1 FS2) on
variation of thrust with fan rpmH/D = 7.0 anda = 0°).
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Figure 21. Effect oH/D on variation ofC;, C,,, andCy with angle of attack for B* G D1 T with EVO, EV15, and EV30
vanes (22000 rpm).
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Figure 22. Effect of fan rpm on variation Gf, C,,, andCy with angle of attack for B* G D1 T with EVO, EV15, and
EV30 vanesKl/D = 5.4).
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Figure 24. Effect of fan rpm on variation©f; C,,, andCy with angle of attack for four values &fD for
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Figure 27. Concluded.
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Figure 31. Effect of tail incidence on variation@f C,,, andCy with angle of sideslip for W5 B6 D1(cH(D =5.4

anda = 0°).
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Figure 32. Effect of tail on variation @, C,,, andCy with angle of sideslip for W5 B6 D1 EVH(D = 5.4,a = 0°,

and 22000 rpm).
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Figure 34. Effect of tail on variation @, C,,, andCy with angle of sideslip for B* G D1(cH/D = 5.4 andx = 15°).
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variation ofC;, C,,, andCy with angle of sideslip for B* G D1 T (22000 rpif/D = 5.4, andx = 0°).
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Figure 36. Effectof strake FS2on variation of C,, C,, andCy with angle of sideslip for B* G D1 T FS2 EVO
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